TRAUMATIC paraplegia and tetraplegia following fractures and fracture-dislocations of the vertebral column is inevitably associated in the first instance with primary shock, severe local damage and profound changes of the function of the autonomic mechanisms. As a result of this disaster, homeostasis is thrown into chaos, especially in transection or severe incomplete lesions of the cervical cord, and the regulatory function of the nervous system in maintaining a suitable internal environment in these high lesions is greatly reduced. Therefore it was thought worth while to study the behaviour of serum proteins and cholesterol in relation to some basic haematology in the immediate and early stages of traumatic para plegia and tetraplegia. Reports in the literature of similar comparative studies in acute traumatic lesions of the spinal cord are lacking but similar studies, including those of Woodford-Williams et al. (1962) have been performed in other types of afflictions. These authors examined the same variables in a series of elderly patients immediately after cardiac or cerebral infarction, surgical operations, and congestive heart failure.
TRAUMATIC paraplegia and tetraplegia following fractures and fracture-dislocations of the vertebral column is inevitably associated in the first instance with primary shock, severe local damage and profound changes of the function of the autonomic mechanisms. As a result of this disaster, homeostasis is thrown into chaos, especially in transection or severe incomplete lesions of the cervical cord, and the regulatory function of the nervous system in maintaining a suitable internal environment in these high lesions is greatly reduced. Therefore it was thought worth while to study the behaviour of serum proteins and cholesterol in relation to some basic haematology in the immediate and early stages of traumatic para plegia and tetraplegia. Reports in the literature of similar comparative studies in acute traumatic lesions of the spinal cord are lacking but similar studies, including those of Woodford-Williams et al. (1962) have been performed in other types of afflictions. These authors examined the same variables in a series of elderly patients immediately after cardiac or cerebral infarction, surgical operations, and congestive heart failure.
Clinical Material. Twenty-six patients-21 male and 5 female-with spinal cord injuries as a result of vertebral fractures or fracture-dislocations were investigated, all of whom were admitted to the National Spinal Injuries Centre on or close to their date of injury. They were studied over a minimum period of six weeks and the chemical pathology due to subsequent urinary infection was also observed. The average age was 28 with limits ranging from 16 to 58, and their injuries were classified according to the level of neurological lesions and further classified into complete or incomplete lesions.
The patients fell into the following categories:-
TABLE I Figures in Brackets represent Associated Injuries
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Even the cases with incomplete lesions had sustained severe neurological involvement, including one case with a fracture dislocation of TI2/LI, who even tually made a complete neurological recovery. The type of associated injury is shown in Table II . 
J
Procedure. Blood samples were taken from the patients immediately on arrival at the Centre and thereafter between 10 a.m. and 12 noon. Frequency of blood sampling was as follows: daily during the first week, three times in the second week at evenly spaced time intervals, twice in the third week and thereafter once weekly up to a minimum of six weeks.
Determinations and Methods. Determinations carried out were as follows:
I. Erythrocyte sedimentation rate (E.S.R. All photometric measurements were made on a Unicam S.P. 600 instrument.
RESULTS
The results were examined from three standpoints. First the behaviour of all cases was considered; secondly the results in the three main anatomical divisions -cervical, thoracic and lumbar-were compared; thirdly, the results of patients who had associated injuries to their basic spinal cord injury were compared with those who had uncomplicated cord or cauda equina lesions.
(I) Erythrocyte Sedimentation Rate (E.S.R.) (Tables III and VI) . Nearly all cases showed an increase in E.S.R. of moderate degree. This increase was most marked in the thoracic group but was also discernible in the cervical and lumbar groups, its sequence being thoracic, lumbar and cervical. All patients with associated injuries had a higher value. I !E. S .
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-108 39 (lOA to 15"7) (-202 to +1·0) (31 to 45) -3 (-6 to 0) (2) Haemoglobin (Hb) (Tables III and VI) . A minority of patients (12 out of 26) showed a slight fall in Hb concentration in the first few days of injury, the fall being most marked in the lumbar group.
The mean initial level for the cervical group (14°6 g.) was distinctly higher than the mean initial levels of the other two groups and that of the thoracic group was particularly low (12°8 g.). 
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Little difference was seen initially between the patients with associated in juries and the remainder with the exception of the thoracic group where a greater fall was demonstrable.
(3) Packed Cell Volume (P.C.v.) (Tables III and VI) . Results in the thoracic and lumbar groups were similar and showed no marked trends.
In the cervical group the mean initial P.C.V. was higher (42 as compared with 38 for the thoracic group and 39 for the lumbar group). The p.e.v. in the cervical was found for the most part to run parallel with the haemoglobin concentration during the first few days of injury. The associated injury group demonstrated a greater fall than the group with uncomplicated cord lesions and here again this difference was particularly marked in the thoracic group. (Tables IV and VI) . During the first few days over half the total number of cases showed a fall below the initial level in serum cholesterol concentration. This fall was moderate in degree. The cervical group behaved differently from the thoracic and lumbar groups in that both the incidence and the degree of fall were greater, as shown graphically in Figure I . Final serum cholesterol values in excess of the central values were seen in all groups. No significant difference was noted between the associated and non associated injury groups.
(5) Total Serum Proteins (Tables IV and VI) . A slight fall in concentration was noted in most cases though its mean value did not exceed 0·6 g. Results in the cervical and thoracic groups were similar, but the lumbar group demonstrated both a higher mean value and a greater degree of fall (7-17 g_ and 0-55 g_ respectively)_ This is in accordance with previous observations (Guttmann, 1945 (Guttmann, , 1953 Robinson, 1954 )- ( -1'7 to 3 '3)
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The associated injury group, however, demonstrated a greater degree of fall than the uncomplicated group, the difference being most noticeable in the cervical group.
(6) Serum Albumin (Tables IV, V, VI and VII) . This constituent showed a fall in almost all the cases. The fall in thoracic and lumbar groups was only slightly more marked than in the cervical group within the first 10 days of injury (17·5 per cent. as compared with 19 and 19·5 per cent. respectively) Table VII. 
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There was also no significant difference between the associated and non-associated injury groups as a whole, though a difference was seen in the thoracic group.
(7) Serum Globulin (Table V) . A slight rise in serum globulin was seen in most cases nearly concomitant with the serum albumin loss. Electrophoretic analyses showed the rise to be mainly in the alpha fraction, as previously found in this Centre by Robinson (1954) . However, while the alpha globulin increased by 28 per cent. and the beta globulin by 6 per cent., the gamma fraction decreased by 1 per cent. (Tables IV and VI) . A slight initial rise was seen in most cases. The cervical and thoracic groups were similar but the rise in the lumbar group was greatest. No significant difference was seen between the associated injury and non-associated injury groups. Table VI demonstrates the comparative results obtained in associated cord injuries and non-associated cord injuries.
DISCUSSION
The results obtained mainly conform to the established pattern of protein, E.S.R. and plasma fibrinogen behaviour in primary shock, and it does not appear that the complication of neurological damage causes any particular biochemical abnormality.
Thus the rise in E.S.R. in the early days of injury is seen in many types of afflictions of both infective and traumatic origin. The observation of Cantarow and Trumper (1962) that a relative increase in E.S.R. is paralleled by an increase in plasma fibrinogen is on the whole confirmed by the results obtained in this series. The same authors postulate that an increase in plasma fibrinogen and the globulin fractions cause an increase in the sedimentation rate of red cells.
A fall in haemoglobin concentration in the first few days following trauma has been described by Barr and Topley (1956) and the present results are in agreement with their findings. However, the mean initial haemoglobin con centration was found to be higher in our cervical group as compared with the thoracic and lumbar series. This was associated with relatively higher values for P.c.V. in the cervical series. The obvious explanation of this difference could be found in the fact that patients with cervical injuries, are not as a rule, associated with such severe additional injuries as fractures of ribs, haemothorax or fractures of long bones, as is not infrequently the case in thoracic and lumbar cord injuries. However, the question arises how far the relative haemoconcentration in the stage of spinal shock following traumatic tetraplegia may be due to the paralytic vasodila tation which occurs over practically the whole of the body as a result of the interruption of the vaso-constrictors. The resulting sudden decrease of tone in the vascular wall may lead to increased permeability of the vascular wall and consequently to extravasation of fluid into the tissues and manifestation of oedema. Further studies on blood volume and electrolytes will be necessary to substantiate this hypothesis. Changes in serum cholesterol concentration in shock have not been much commented upon but falls have been noted in fasting and certain infections, post-operatively and after attacks of coronary thrombosis. These findings are quoted by Bloor (1943), Man et al. (1946) , Bjork et al. (1957) and Dodds and Mells (1959) . The mean initial levels were rather low-a result in line with the work of Stoker et al. (1966) that both normal and abnormal subjects sustained a reduction in serum cholesterol concentration on changing from a vertical to a horizontal position of an order of 13 per cent.
Our cervical group have a higher mean initial level than the thoracic and lumbar groups and show a greater fall than the other two groups. In trying to explain the greater fall in the cervical patients it may first be remembered that cholesterol in serum derives from two main sources, namely, cholesterol absorbed from the gut (exogenous) and cholesterol synthesised by the liver from acetate residues (endogenous). It is probable that endogenous cholesterol accounts for over one half of this compound's concentration in blood serum.
The traumatic paraplegic and tetraplegic may suffer in the initial stages following injury a loss of cholesterol on two counts. First the decrease in his dietary intake during the first period of injury results in a reduced cholesterol intake and consequent reduced absorption from the gut. This is particularly true in the tetraplegic, due to his respiratory embarrassment as a result of the paralysis of his respiratory muscles and, furthermore, his difficulty in masticating properly, as a result of the paralytic vasodilatation leading to swelling of the mucosa and consequent blockage of the nasal air passages (Guttmann's sign). The dietary insufficiency may well have the effect that the acetate residues, upon which the liver depends for cholesterol synthesis, may be in short supply, since these residues derive from catabolism of dietary carbohydrate, fat and certain unessential amino acids. In this way a reduction of serum cholesterol concentra tion in these high cord lesions during the early days of injury could well be explained.
Secondly, one should not rule out some short-term impairment of the function of the liver itself in the stage of spinal shock of cord lesion above T 5 and particularly cervical cord injuries, in view of the fact that in addition to the functional loss of the segmental innervation of the liver the whole sympathetic innervation is suddenly cut off. Further studies will be necessary to clarify this point.
Many workers have recorded changes in the serum proteins following injury, e.g., Cuthbertson and Tompsett (1935) , Guttmann (1945 Guttmann ( , 1953 , Vaughan et al. (1946) , Robinson (1954) , Gillette et al. (1958) .
Our present results confirm the general conclusions of these workers in that there is in most cases an initial loss of serum albumin possibly due to impaired liver function following trauma. The albumin/globulin ratio is often inverted and the albumin loss is accompanied by a globulin increase notably in the alpha fraction. This fact is notably established by the observation that in all groups the mean percentage albumin loss and the mean percentage total alpha globulin gain are almost identical.
In the few cases where infection set in at a later stage, the biochemical picture was almost identical to that seen in the first few days of injury, i.e. increased E. S.R. and plasma fibrinogen levels together with the serum protein changes described above. The cholesterol level was also reduced.
The classification of the patients into those with associated injuries and those without further underlines the expected result that a multiplicity of injuries of serious degree results in a more acute bodily response as indicated in all the parameters examined than when the physical damage is less severe. This tendency is most marked in the thoracic group where the difference is clearly delineated. Thus haemoglobin fall, E.S.R. increase and P.C.V. decrease are all apparent as is the rise in plasma fibrinogen concentration which is frequently associated with a raised E.S.R., a point already mentioned above. Two of the three lower thoracic cases had respectively fractured ribs and a fractured skull, apart from bruises in the soft tissues-injuries eminently able to account for the results shown and demonstrating the classical responses to severe trauma.
The cholesterol values are found to be of much the same order in both associated injury and uncomplicated groups, with the exception of the lumbar group (see Table VI ), indicating that although slight falls of serum cholesterol have been demonstrated in a variety of conditions, including cardiac infarction and minor surgery, acute changes in serum cholesterol do not necessary constitute an essential part of the body's response to acute trauma. Serum proteins again conform to the general pattern met in response to injury. In cases where the trauma is most severe, the reduction of the total serum protein stemming mainly from a loss of serum albumin is usually very marked and this is demonstrated here.
The associated injury cases show a notable fall in the albumin fraction as compared with those cases who did not sustain other injury, and this fall is most pronounced in the thoracic and lumbar groups where the associated injuries were most severe.
SUMMARY
Changes in serum cholesterol in relation to E.S.R., Hb, P. C.V., plasma, fibrinogen, serum proteins have been studied in 26 acute traumatic paraplegic and tetraplegic patients.
In general the results are in agreement with those of other workers who have studied the variations of these components in other types of trauma, such as major and minor surgery, accidents, cardiac infarction and congestive heart failure. A relative haemoconcentration was found in traumatic tetraplegics and its mechanism is discussed.
The contrasted findings in three main anatomical groups, cervical, thoracic and lumbar, show little difference except in the case of the serum cholesterol values. Here the cervical group shows a greater fall than do the other two during the first few days of injury. Possible explanations of this finding are discussed.
It was found that patients with associated injuries showed a more marked response than those with uncomplicated spinal cord injury in nearly all the parameters examined.
